• Myeloid sarcoma is an extramedullary deposit of malignant myeloblasts that eventually evolves into a rapidly fatal leukemia.
Introduction
Myeloid sarcomas (granulocytic sarcoma or chloroma) are localized extramedullary tumors composed of myelogenous blastic cells that destroy their resident tissue [1, 2] . Therefore, subclinical infiltration of an organ by leukemic cells without creating a mass does not constitute a myeloid sarcoma, especially if there is no destruction of the local tissue. For example, unblemished and nonnodular skin that microscopically has infiltrating leukemic tumor cells does not qualify as a granulocytic sarcoma. If the sarcoma is extramedullary (proliferation outside of the bone marrow compartment), the main sites of alternative growth are the liver, spleen, lymph nodes, skin, mucous membranes, orbits, central nervous system, bones, gonads, and other viscera. Granulocytic sarcomas may precede, be concurrent with, or follow the emergence of leukemia. In this article, we describe an elderly patient who presented with an unusual conjunctival mass that was ultimately determined to be the first case of conjunctival myeloid sarcoma with megakaryoblastic differentiation. We place the lesion in a detailed clinicopathologic context of ocular myeloid sarcoma and describe its immunophenotypic and cytogenetic characteristics.
Case Report
An 87-year-old woman presented with left upper eyelid swelling and discomfort, which had been worsening during the course of a year. Six months previously, the lesion had been diagnosed elsewhere as a chalazion. Treatment with warm compresses and topical steroid-antibiotic drops had not improved her condition. Her ocular history was notable only for allergic conjunctivitis and bilateral pseudophakia, and her medical history was remarkable for hypertension, hyperlipidemia, cardiac conduction defects requiring a pacemaker, congestive heart failure, and thrombocytopenia.
Physical examination revealed fullness of the left upper eyelid with entropion and ptosis, which was most prominent nasally (Fig. 1a) . A firm, moderately tender mass was palpated within the left upper eyelid. Eversion demonstrated a lobulated subconjunctival mass in the superior epibulbar surface and fornix (Fig. 1b) . No regional lymphadenopathy was palpated. Computed tomography with contrast demonstrated a well-demarcated mass confined to the left conjunctiva and anteriormost orbit (Fig. 1c, d ). An attempt at an excisional biopsy was performed. Intraoperatively, the left upper eyelid was everted revealing a 3 × 2 cm multinodular tumor that was firmly adherent to the superior tarsus and extended into the superior conjunctival fornix (Fig. 1e) .
Grossly the specimen measured 3.5 × 2.5 × 1 cm. Frozen section evaluation demonstrated that the tumor was present at all inked margins. A portion of the remaining tissue was submitted for flow cytometry and the rest for permanent sections. Histopathologic evaluation of slides sent to the Massachusetts Eye and Ear Infirmary revealed a tumor composed of round epithelioid-type blastic cells with large nuclei, prominent nucleoli, and a finely granular nucleoplasm (Fig. 2a) . Some cells grew in clusters or groups and had abundant cytoplasm with two or more nuclei (Fig. 2b, inset) . Thin collagen strands demarcated the clusters (Fig. 2b) ; they were reticulin (Fig. 2c) , trichrome and PAS positive. The tumor was mitotically active (10 mitoses/hpf; approximately 40% of cells were Ki-67 positive) (Fig. 2d) . The tumor cells were strongly positive for CD45 (Fig. 2e) , CD7, CD31, CD43 (Fig. 2f), CD61 (Fig. 2g) , CD117 (Fig. 2h) , FLI-1, and factor VIII, while ERG was positive in approximately 60% of the tumor cells. Myeloperoxidase and lysozyme showed scattered positivity in the large tumor cells; p53 was strongly positive in approximately 5% of tumor cells; OCT3/4 showed faint background staining; CD71 showed sparse staining in some tumor cells. CD3 was positive in scattered small T cells; Alcian blue demonstrated mild stromal mucin at the lesion's periphery. The following immunohistochemical and special stains were negative: CD20, CD30, CD34, CD56, CD68, SMA, desmin, S100, SOX10, MART-1, e-cadherin, EBER, EMA, CAM5.2, pankeratin, adipophilin, Giemsa, and tryptase. These findings were in keeping with a hematologic neoplasm, most consistent with myeloid sarcoma (megakaryoblastic type). Flow cytometry of the conjunctival tumor tissue showed immunophenotypic evidence of an abnormal cell population in approximately 94.3% of all analyzed events. This result was found in the dim to negative CD45 region/ blast gate that expresses CD7, partial HLA-DR, partial CD33, and partial CD34 in keeping with the diagnosis.
Bone marrow biopsy with karyotyping revealed an increase in blasts of myeloid origin accounting for 8.8% of total leukocytes. These blasts expressed CD13, CD33, C34, cytoplasmic myeloperoxidase, and aberrant CD7. Fluorescence in situ hybridization (FISH) detected two unrelated abnormal clones, one with a t(12; 17) translocation of uncertain significance and the other with trisomy 8 in 4% of cells, which portends a poor prognosis in elderly patients [3] . The marrow was hypercellular and displayed marked dysplasia of all three cell lines and increased reticulin fibers. Megakaryocytes were increased in number, forming large tight clusters with abnormal cellular morphology. The final impression was that the patient had a myelodysplastic syndrome.
Azacitidine (Vidaza ® , Celgene, Summit, NJ, USA) injections were initiated but halted after three treatments due to worsening of the patient's anemia (a known medication side effect) that required blood transfusions. Over the subsequent 3 months her condition worsened. Repeat peripheral blood counts demonstrated a white blood cell count greater than 30 × 10 9 /L, with numerous immature myeloid cells, suggestive of an evolving myelogenous leukemia. In short order, the patient developed pneumonia, worsening congestive heart failure, renal failure, urosepsis and died.
Discussion
Despite being an uncommon ocular adnexal lesion, there is no ocular adnexal site that has been spared involvement by myeloid sarcoma. With respect to the current case, conjunctival lesions are notably exceptional. Some clinicians consider all eyelid lesions as a single group. Greater precision, however, is required. With care, DOI: 10.1159/000488057 one can distinguish between disease of the anterior eyelid lamella (skin and orbicularis muscle) from that of the posterior lamella (tarsus and adherent palpebral conjunctiva). The tarsus is generally an effective barrier in preventing the spread of a conjunctival tumor into the skin and vice versa, but itself is virtually never the initial site of myeloblastic involvement. These important anatomic distinctions can be made by everting the eyelids, particularly the upper ones.
Myeloid sarcoma has many ophthalmic symptomatic manifestations [4] [5] [6] [7] . Proptosis, lacrimal gland enlargement, orbital bone destruction, eyelid fullness, conjunctival masses, and anterior segment, choroidal and retinal infiltrates have all been observed. Proptosis accounts for 50-100% of the major signs [4] [5] [6] , sometimes accompanied by ptosis and diplopia. Destructive bone foci are due to the preferential subperiosteal localization of the malignant deposits. Lesions surrounding the brain and parasellar region can produce neuro-ophthalmic symptoms and dysfunctions, but myeloid sarcomas of the brain parenchyma are vanishingly rare [8] . Three earlier reports of myeloid sarcoma of the conjunctiva exhibited unusual findings. A 90-year-old man with chronic myeloid leukemia developed unstoppable bloody tears (hemolacria) lasting at least several weeks and originating in a conjunctival myeloid sarcoma [9] . This case is different from most other conjunctival myeloid sarcomas in that it arose in a chronic myeloproliferation rather than in an acute one. Another conjunctival example was reported in an 8-year-old girl with bilateral epibulbar myeloid sarcomas [10] . A unique presentation occurred in a 34-year-old apparently healthy woman who displayed involvement of the palpebral conjunctiva of all 4 eyelids with red, papular lesions [11] . No evidence of leukemia was discovered at presentation after a systemic workup was performed; remarkably the patient was free of systemic disease after 15 months of follow-up. Skin disease of all 4 eyelids has also been reported; there is an analogous case of extranodal marginal zone lymphoma [12] .
In 1975, a comprehensive report of granulocytic sarcoma (myeloid sarcoma) of the ocular adnexa was published that documented 33 cases in the files of the Armed Forces Institute of Pathology [5] . The authors determined, according to their cohort, that patients were more often children, with boys dominating over girls (Table 1) . There was a propensity (two thirds of patients) for nonwhite ethnic groups (African, Pacific Rim) to be affected. Only 4 patients were already diagnosed with leukemia. To rule out a lymphoma or simulating round cell malignancy, the recommendation was made to employ the Leder esterase stain to identify eosinophilic metamyelocytes that facilitated the correct diagnosis. The prognosis for the patients was uniformly unfavorable, in that around two thirds died within a year from the onset of their ocular sarcomas. A patient not included in the AFIP series, however, developed leukemia 4 years after the appearance of the myeloid sarcoma [5] . To complete the spectrum of disease, there is another report of anterior segment intraocular infiltrates of myeloid sarcoma [13] .
The subject of ocular adnexal myeloid sarcoma has also been reviewed in 3 other recent useful articles, but each individual case is presented with little detail. A study of 31 orbital cases of myeloid sarcoma assembled from a single institution (Prasad Eye Institute, Hyderabad, India) [6] generated some findings (Table 1) at variance with those from the AFIP. This disparity is likely the result of uncontrolled biases inherent in studies from a referral, consultative institute such as the AFIP. Table 1 lists the salient differences. In the Indian study, there was a higher percentage of concomitant leukemia, a slightly greater number of female patients, and an all Indian population. Patients with isolated myeloid sarcoma survived 43 months on average, and those who had leukemia 9.2 months. It was unclear whether or not the two groups had received therapy, but the presumption is that they did. A second smaller series of 10 cases originated from the M.D. Anderson Cancer Center [7] . There were 6 men and 4 women with a median age of 49 years (range 19-29 years); 6 had proptosis, 3 conjunctival lesions, and 1 retinal infiltrates. After apparently successful therapy for the ocular adnexal myeloid sarcoma, 4 patients subsequently developed another nonocular myeloid tumor in the skin and lung, breast, skin and lymph nodes, and central nervous system. In the third study, again from the Prasad Eye Institute [14] , 12 patients with proptosis were evaluated. They had the following features: median age at presentation was 8.6 years (oldest 17 years), 7 females and 5 males, proptosis in all patients, a palpable orbital mass in 11 patients, bilateral disease in 4 patients, subconjunctival hemorrhages in 1 patient, retinal or subhyaloid hemorrhages in 4 patients, and disc edema in 2 patients. A superior or superotemporal orbital location was common for the mass. The median duration of symptoms was 4 weeks (longest 20 weeks). The second Indian study probably incorporated the patients in the first, although this was not stated in the article. None of the previously published myeloid sarcoma cases in the eye literature has dealt with the diagnosis of acute megakaryoblastic leukemia, a form of myeloblastic proliferation, although 3 nonconjunctival ocular adnexal cases have been published in the nonophthalmic literature [15, 16] .
Regarding the present case there was one distracting diagnosis -a possible vascular malignancy due to variable positivity for FLI-1, factor VIII, and ERG. However, further immunophenotyping led to the discovery of strongly positive staining for CD7, CD31, CD43, CD45, CD61, and CD117 in the bone marrow cells among the 8.8% myeloblasts that had the same morphology as those in the conjunctival lesion, supporting a lesion of myeloid lineage [1] . Furthermore, myeloperoxidase and lysozyme were focally positive. The dispersal of megakaryoblasts reinforced the impression of acute megakaryoblastic leukemia. Ki-67 positivity was approximately 40%. Negative staining for biomarkers of nonhematopoietic round cell solid tumors (neuroblastoma, melanoma, and rhabdomyosarcoma) was unequivocally definitive.
To recapitulate: making the diagnosis of myeloid sarcoma depends on immunophenotyping that employs the most commonly expressed myeloid antigens/biomarkers [1] . These are, in descending order of frequency, CD68/ Ocul Oncol Pathol 2019;5:28-35 DOI: 10.1159/000488057 KPI, MPO (myeloperoxidase), CD117, CD99, CD68/PG-M1, lysozyme, CD34, TdT, CD56, CD61/LAT/von Willebrand antigen, CD30, glycophorin, and CD4. T-cell markers may anomalously be expressed. Another underutilized common genetic biomarker for detecting myeloid sarcoma is cytoplasmic mutated nucleophosmin (NPM) reflective of NPM1 mutation [17] . The foregoing biomarkers need to be applied judiciously for making a satisfactory diagnosis. CD42, normally encountered on mature megakaryocytes, may be found on a subset of tumor cells. With regard to megakaryocytes a panel of probes is available, and with them the level of maturation can determine expression. Morphologically megakaryocytes have ample cytoplasm and a low nuclear to cytoplasmic ratio, while megakaryoblasts evince the opposite. In this regard, CD41b, CD42b, CD61, von Willebrand factor, and LAT (linker for activation of T cells) can be highly revealing of the presence of megakaryocytes. Unfortunately, not all of these biomarkers were available to us in our pathology laboratories.
The main chromosomal abnormalities detected in the current case were the presence of two clones: trisomy 8 and a t(12; 17) translocation. Trisomy 8 in an elderly patient tends to worsen the prognosis [3] . Documented genetic abnormalities in other cases are trisomy and tetrasomy 21 (trisomy 21 also causes Down's syndrome with its enhanced tendency to develop acute lymphocytic or myelogenous leukemia -overall risk 2-3%), monosomy 7, MLL rearrangement, INV(16), trisomy 4, monosomy 16, trisomy 11, NEMI mutation, and in pediatric (but rarely older) patients, a t(8: 21) translocation [18] . Furthermore, a bone marrow biopsy of our patient disclosed increased amounts of reticulin fibers and an abnormally hypercellular marrow comprised of 8-9% myeloblasts, with multilineage dysplasia of erythrocytes (poikilocytosis, binucleation, nuclear budding) and megakaryocytes (abnormal colony formation), and abnormal myelopoiesis with a left shift displaying hypogranularity and aberrant segmentation of the myeloblasts. The megakaryocytic elements were increased in number, interpreted as blastoid (having single and multiple nucleoli) that displayed a scattered arrangement in large clumps.
Over the patient's clinical course, two syndromes were diagnostically considered: a myelodysplastic syndrome and primary myelofibrosis. The myelodysplastic syndromes [19] [20] [21] [22] constitute a complex cluster of precursor marrow states. These conditions eventually evolve into full-blown leukemias deriving from altered clonal stem cells. A peripheral blood cytopenia often coexists paradoxically with a hypercellular bone marrow containing sheets of large atypical cells. All marrow cell lineages are affected. The inciting mutation for the syndrome is yet to be determined but it is now known that leukemic transformation implicates genes in the RAS pathway [19] . Recent genetic findings implicate mutations in TET2 and ASXL1 [20, 23] along with GATA2, SF3DS, TERT, and TERC. An unanswered question is whether primary myelofibrosis [24] [25] [26] [27] should be subsumed under the rubric of myelodysplastic syndromes. In myelofibrosis the marrow hematopoietic cells are ultimately replaced with collagen produced by fibroplasia. It is likely that the myelodysplastic syndrome encompasses disparate and molecularly distinct entities possibly embracing myelofibrosis which culminates in a fibrotic state concomitant with myeloproliferation. Our patient had increased deposition of reticulin fibers in her bone marrow biopsy that could be interpreted as suggestive of early myelofibrosis. Primary myelofibrosis is a rare, enigmatic bone marrow hematopoietic neoplasm [24] [25] [26] [27] [28] . It is also termed agnogenic myeloid metaplasia and can be responsible as a prodromal state for the emergence of multilineal stem cell disease, accompanied by progressive fibrosis of the marrow cavities. There is displacement of hematopoiesis to alternative extramedullary sites (liver, spleen, lymph nodes). Most lesions are idiopathic, but the disease may be associated with polycythemia vera or essential thrombocythemia. Jak2, CALR, MPL and V617F gene mutations play a central role in the genesis of the disease [23, 25] : V671F makes stem cells more sensitive to growth factors that require JAK2 for signal transduction [29] . Another gene, MPL, serves as a receptor for thrombopoietin. The W515 mutation leads to the overproduction of abnormal megakaryocytes, as seen in the present patient, by means of proliferation of an errant thrombopoietic receptor protein. The megakaryocytes then stimulate fibroblasts to produce collagen in the bone marrow compartment.
While there are overlaps between myelofibrosis and myelodysplasia, there are also significant clinical and genetic differences leaving our understanding fragmentary and incomplete. In the present case, these issues led to some perplexity on the part of clinicians managing the current case, with the best diagnosis ultimately rendered by the hematopathology consultants being myelodysplastic leukemia and sarcoma. It is agreed, however, that both conditions are monoclonal and preleukemic. A granulocytic sarcoma originates more often in the setting of myelodysplasia than primary myelofibrosis.
The major differential diagnoses for myeloid sarcoma with megakaryocytic/blastic differentiation are lymphoma and malignant soft tissue round cell tumors. Lymphoma (apart from Burkitt lymphoma with its distinctive starry sky appearance) is utterly rare in childhood but does occur in our patient's age group (87 years old). Orbital bone destruction is comparatively uncommon in lymphoma. Blastic hematopoietic cells have round or slightly reniform nuclei with a finely stippled heterochromic pattern ("open chromatin"), prominent nucleoli, and fine cytoplasmic granules in scattered cells. Lymphoma cells, on the other hand, have coarser heterochromatin with a tendency toward perinucleolar clearing or halo formation. Except for large B cell lymphoma, the Ki-67 proliferation index for smaller cell lymphomas is lower than that of hematoblastic neoplasms. Also, myeloid sarcoma is more likely to involve the subperiosteal space causing bone changes. The B cell markers will be different in ocular adnexal lymphoma (most are of B cell lineage), and there is an absence of lysozyme, muramidase, and cytoplasmic NPM expression [17] .
Simulating solid soft tissue round cell tumors can be separated from myeloid sarcomas by their CD43-negative immunostaining and from lymphoma by the absence of T and B cell biomarkers. Particularly rhabdomyosarcoma (desmin and myogenin positive) and metastatic neuroblastoma (osteolytic and NB84, MAP-2, neurofilament, synaptophysin, protein gene product 9.9, β-catenin, CD56 and neuron-specific enolase positive) [30, 31] must be eliminated; Ewing's sarcoma/primitive neuroectodermal tumor expresses NKX2.2, CD99, and FLI1 [32, 33] , while neuroendocrine tumors are best identified with synaptophysin and chromogranin immunostaining [34, 35] . Epithelioid melanoma cells can be excluded by S100, MART-1 and Sox10 negativity. Polygonal epithelial cells are ruled out by negativity of various cytokeratins (especially pan-cytokeratin) and of p63, as well as by vimentin positivity.
While it is not the focus of this article, a few comments are offered about therapy [36] . The mainstay is chemotherapy. Most reports have consisted of small series with various chemotherapeutic regimens. The role of radiotherapy is limited but can probably be used for local lesions such as periocular myeloid sarcomas or those involving vital organs. Stem cell transplantation is employed when there appears to have been near eradication of the leukemic process by other modalities.
